Abstract. This paper examines systems development in a global
I N T R O D U C T I O N
Much recent innovation in systems development has sought to legitimize a more fluid, exploratory and responsive style (Baskerville et al., 1992 Truex et al., 2000; Fowler & Highsmith, 2001; Baskerville and Pries-Heje, 2004) . These moves away from traditional formalism in systems development methodologies (e.g. DeMarco, 1978; Boehm, 1988) echo the longstanding observation from the field that traditional methodologies are neither effectively nor extensively used (Avgerou & Cornford, 1993; Bansler & Bodker, 1993) , but often 'faked' (Parnas & Clements, 1986 ) and used as a 'fiction' to help create a sense of coherence in day-to-day activities (Nandhakumar & Avison, 1999) . Such observations have caused some to rethink the status of method and methodology in systems development. Ciborra (2002) , for example, asks us to 'suspend the belief that behind the messy everyday reality there is a geometric universe'. Similarly, Truex and associates argue that 'amethodical' development doi:10.1111 /j.1365 -2575 .2010 .00360.x Info Systems J (2010 1
The LCG project
In this paper, we study an emergent form of agile practice within a specific and distinctive large scale and distributed organizational context -the Large Hadron Collider Computing Grid (LCG) -one of the world's largest computing grids. This started development in 2001 and was formally put into use in 2010. The organizational context of the LCG, reflecting that of particle physics (Traweek, 1988; Knorr-Cetina, 1999) , is highly distributed with 170 computing centres in 34 countries. Mobilizing to build this Grid was a grand systems development challenge in technical, organizational, political and human terms; an example of large-scale system development on a global basis and one which, as we will argue, seemed to exhibit a quality of agility. Thus, we observed fluid practices that serve as a continuous response to external and internal changes, and continual acts of trial-and-error matched with pragmatic problem-solving approaches. Bricolage and ad hoc activities dominate the day-to-day and there is minimal, though vital, use of formal methodologies and centralized control. The people involved, mostly physicists or physicist-programmers, take pride not in methodological rigour but in their pragmatic approach to 'make it work'. As a large distributed project, LCG has faced challenges as mentioned above, and yet their response has not been to employ rationalistic approaches or constraining tool sets as most of the authors above propose, but rather to respond by maintaining their commitment to a flexible and fluid approach -to agility.
The concept of agility
The literature on agility reflects two common approaches. The first sees agility as empirically validated small group methods and practices. The second sees agility as an organizational capability (Sambamurthy et al., 2003; Lee, Banerjee et al., 2006; Mathiassen and Pries-Heje, 2006) , for example, a firms' sense-and-respond capabilities, or dynamic capabilities (Williams & Cockburn, 2003) , or the organizational capability to learn, to explore and to exploit knowledge (Overby et al., 2006; Mathiassen & Vainio, 2007) . We develop a third and distinct perspective, what we call collective agility seen as a 'structuring property' (Giddens, 1984) of a collective, instantiated in improvisational behaviour of individuals and groups and in their social interactions. In other words, collective agility is an attribute emergent from the day-today practices of social actors. We thus explore agility as a performance (Ciborra, 1999; Dyba, 2000) . It is important to make clear the ontological distinction implied by a focus on capability or performance: capability refers to the potential for achievement that an organization has as it draws upon its resources, human, institutional and material, a concept linked to the resourcebased view of the firm and core competencies (Wade & Hulland, 2004) . In contrast, a performance is an enactment within a context that can create, apply and sustain capabilities. Put it in another way, capabilities are not understood here as something held prior to a performance; rather, they are the medium and outcome of it. The performative ontology (Pickering, 1995) adopted here sees agility as what social actors do when engaging with uncertainty and complexity, and as sustained by collective agency over time and space. Our focus is not a description of agile behaviour or its precursors but on the performance of collective agility that embodies the LCG project. The emphasis is on agility's emergence from disparate practices embedded in the organizational and cultural context. In simpler terms, it is not just that agile system development can be sustained in particular supportive organizational or cultural contexts, but that a context or culture may itself demand (at times) and create a certain type of agile performance.
Organizational improvisation and paradoxes
To unpack the complexities of collective agility as an organizational performance, we draw upon the literature of organizational improvisation (Weick, 1998; Cunha et al., 1999) with a focus on collective, collaborative and coordinated improvisational activity. Improvisation is essentially an individual or small group practice, immediate and situated, whereas the agility we study is that which emerges from a collective performance -an organizational improvisation. This literature is reviewed and organized from the perspective of paradox (Mirvis, 1998) . It has been frequently noted that innovations such as short cycle time development or agile methods involve tensions and paradoxical elements, for example, learning to 'plan not to plan' (Baskerville, 2006) or to achieve a 'disciplined messiness' (Highsmith, 2002 ) and Baskerville's (2006) calls for a rejection of polar distinctions between concepts like planning and serendipity, or discipline and creativity. The concept of paradox is not intended to suggest logical impossibility or irresolvable conflict; rather, paradox provides a means of presenting and analysing productive tensions, dynamics and motivating challenges of systems development. In constructing a set of improvisation paradoxes and applying them in the analysis, we reveal the embracing and balancing of such paradoxical elements as a key to understanding agility within distributed collaborative system development.
In summary, this paper introduces collective agility, a concept developed from a paradoxical perspective, to describe a particular genre of organizational performance. The rest of the paper is organized as follows. The next section further develops the conceptual constructs, i.e. the improvisation paradoxes, from the literature of organizational improvisation. Research methodology and case description can be found in the succeeding sections. The next section, Enacting Paradoxes, presents an in-depth analysis of the case using the improvisation paradoxes, extended to discussions and implications in the following section. The last section concludes the article.
I M P R O V I S A T I O N P A R A D O X E S A N D E N A C T E D E M E R G E N C E
Existing research on organizational improvisation mostly considers it as a creative group performance with little formal planning and minimal central control, like a jazz performance (Barrett, 1998; Hatch, 1999) or improvisational theatre (Crossan, 1998) . Cunha et al. (1999) define improvisation as 'the conception of action as it unfolds, by an organization and/or its members, drawing on available material, cognitive, affective and social resources'. This definition emphasizes two aspects. First, the convergence in time of conception and execution (Moorman & Miner, 1998) , or 'real-time planning' (Miner et al., 2001) . This resonates strongly with the basic notion of agility as quickness, lightness and nimbleness (Highsmith, 2002) . Second, bricolage -the aspect of finding solutions from available rather than optimal resources -which is often implied or used interchangeably with improvisation (Weick, 1993a,b; Ciborra, 2002) .
Within the field of information systems, ideas of improvisation and bricolage have often been used to critique the dominant ontology of planning and control and the pervasive normative tendencies that follow (Orlikowski, 1996; Ciborra, 1999; Lanzara, 1999) . Organizational improvisation literature does not deny or negate the value of such concepts, but suggests that it is in the tension and interaction between these and their opposites: structure and change, order and chaos, control and freedom, that creative attitudes, innovative outcomes and productive practices may be found. The performative view of agility adopted here reveals the 'tensions and oppositions between well-founded, well-reasoned and well-supported alternative explanations of the same phenomenon' (Poole & Van de Ven, 1989) . Thus, we draw on the established tradition of paradox as a dialectical device to examine complex situations and to build theory (Poole & Van de Ven, 1989; Lewis, 2000; Smith & Tushman, 2005) . Lewis (2000) describes three categories of paradoxes prevalent in organizational studies -learning (old/ new), organizing (control/flexibility) and belonging (self/other). We use these three categories to synthesize the literature on organizational improvisation and propose a set of improvisationparadoxes. Table 1 presents the six constructed improvisation paradoxes with examples of the concepts they are based on. These concepts are highlighted in italic in the following elaboration of the improvisation paradoxes.
Paradoxes of learning
Paradoxes of learning arise from the tension between old and new, 'the struggle between the comfort of the past and the uncertainty of the future', which are fundamental to processes of innovation, transformation and sensemaking (Lewis, 2000) . On this basis, we identify two pairs of paradoxes of learning: Learned Improvisation, i.e. improvisation drawing on past experience and situated within environmental constraints; and Reflective Spontaneity, making sense by ex-post interpretation and rationalization.
Learned improvisation
This paradox is related to the tension between the immediate (the here-and-now environment and context) and the historic (the understood, interpreted, documented and remembered past). 'Learning requires using, critiquing and often destroying past understandings and practices to construct new and more complicated frames of references' (Lewis, 2000) . For example, jazz musicians recall music that has been performed and learn from it (Berliner, 1994) . Improvisation is often a response to task uncertainty, and environmental turbulence (Moorman & Miner, 1998) . Unexpected and 'unplanned-for' (Miner et al., 2001 ) occurrences or tasks can arise Environmental turbulence (Moorman & Miner, 1998 , Ciborra, 1996 Task uncertainty (Miner et al., 2001) Task complexity (Weick & Roberts, 1993; Hutchins, 1995) Organizational memory (Ackerman and Halverson, 1998; Moorman & Miner, 1998; Weick, 1998 ) Routines (Weick & Roberts, 1993; Hutchins, 1995) Practicing (Moorman & Miner, 1998; Weick, 1998) Spontaneity Reflexivity
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Reflective spontaneity
Convergence of planning and execution (Moorman & Miner, 1998 ) Drop your tools (Weick, 1993a) Trial-and-error, bricolage (Lanzara, 1999) Retrospective sense-making (Weick, 1993b) Ex-post interpretation (Lanzara, 1999 ) Transient constructs (Lanzara, 1999) Paradoxes of organizing
Unfolding Planning
Planned agility 'Unfolding ontology' (Knorr-Cetina, 1999) 'Unfolding circumstances' (Ciborra, 1999) 'The spontaneous' (Weick, 1998) Drifting (Ciborra, et al., 2000) , Flow (Hatch, 1999) Visions (Mintzberg & McHugh, 1985 , Hutchins, 1991 , Weick, 1993b , Hatch, 1999 Plan to improvise (Miner et al., 2001) Artful planning (Baskerville, 2006) A sense of urgency (Hutchins, 1991 , Crossan, 1998 , Mirvis, 1998 Practices Structure
Structured chaos
Organized anarchy (Cohen et al., 1972) Knowing in practice (Orlikowski, 2000) Fractures, discontinuities, inconsistencies (Lanzara, 1999 ) Ambiguity (Hatch, 1999) Minimal structure (Cunha et al., 1999) Collateral structure (Cunha et al., 1999) Aesthetic of imperfection (Weick, 1999) 'Experimental culture' (Cunha et al., 1999) Pro-innovation culture (Mirvis, 1998; Weick, 1998; Miner, et al., 2001) Paradoxes of Belonging
Individuals Collectivity
Collective individuality Individual skills (Brown & Duguid, 1991; Mirvis, 1998 ) Creativity (Barrett, 1998; Hatch, 1999; Kamoche, et al., 2003) Group cohesion (Weick & Roberts, 1993; Hutchins, 1995) Facilitative leadership (Crossan, 1998) Trust and kinship (Weick, 1993a , Crossan, 1998 Fluid communication (Orlikowski, 1996 , Miner et al., 2001 Anxiety Confidence
Anxious confidence
Anxiety (Mirvis, 1998; Cunha, et al., 1999) Moods (Ciborra, 2001) Emotionality (Hatch, 1999) Sense of urgency (Hutchins, 1991 , Crossan, 1998 , Mirvis, 1998 Individual skills (Brown & Duguid, 1991; Mirvis, 1998 ) Aesthetic of imperfection (Weick, 1999) Prideful wariness (LaPorte, 1996) inside the collective too (Cunha et al., 1999) , for example, when task complexity seems to be beyond the scope of rational planning, accumulated knowledge or predetermined method (Hutchins, 1995) . Organizational improvisation can also be linked to deliberate innovation -for example, visions which articulate a gap between reality and possibility can induce actions which are partly planned yet significantly emergent (Mintzberg & McHugh, 1985) and improvised (Crossan et al., 1996) .
To cope with uncertainties and complexities of the environment, context or task, people need to draw upon a repertoire of organizational memories, 'learned ways of thinking and behaving' (Moorman & Miner, 1998) . The paradox of learned improvisation thus also reflects the tension between the reliance on 'habits of thought' and routines (Weick & Roberts, 1993; Hutchins, 1995) and a will to depart from organizational traditions and norms (Cunha et al., 1999) -to drop your tools (Weick, 1993a) . This balance is intricate, as successful improvisations are often based on accumulated knowledge and experience from extensive practicing in the past (Moorman & Miner, 1998) . The construct of 'history' here is also related to collective understanding and organizational culture, e.g. in our case, the experimental culture of particle physics.
Reflective spontaneity
'Reflective spontaneity' is a paradox expressing ad hoc experimentation (spontaneity) and post hoc recovering of rationalization by the collective, Weick's retrospective sensemaking (Weick, 1993a) . Improvisers often have no choice but to engage with the situation with no time for thorough reflection, and the significance of the action is often only (re)discovered after the event. As Weick (1998) suggests, 'to improve memory is to gain retrospective access to a greater range of resources'. Retrospective sensemaking (Weick, 1993a) can thus provide order, purpose and coherence (Barrett, 1998) to practices of trial-and-error or bricolage (Lanzara, 1999) . Meaning can arise from ex-post interpretation and sensemaking by a number of dispersed agents, rather than from ex ante planning and implementation by a central designer (ibid.). Such sensemaking can be facilitated by transient constructs (ibid.), such as 'makeshift artefacts, recombinant routines . . . ephemeral organizations, disposable symbols, fugitive meanings' than can sustain some continuity and stability. Milestones and deadlines, for example, may serve these purposes. Thus, at the macro-level, an unfolding improvisational performance and the reflections on it, give rise to an emergent order (Miner et al., 2001 ) which in turn can be drawn upon by others (Orlikowski, 2000) .
Paradoxes of organizing
Paradoxes of organizing reflect tensions between control and flexibility (Lewis, 2000) , formal and informal, integration and differentiation (Chae & Bloodgood, 2006) , denoting 'an ongoing process of equilibrating opposing forces that encourage commitment, trust and creativity while maintaining efficiency, discipline and order' (Lewis, 2000) . Two paradoxes from the literature are summarized here as Planned Agility and Structured Chaos. The former underlines the Development of a particle physics gridtension between the deliberate action of planning and the uncontrolled processes of drifting and unfolding; the latter refers to the tension between chaotic day-to-day practices and minimal structures.
Planned agility
As Weick (1998) puts it, 'improvisation is a mixture of the pre-composed and the spontaneous'. Miner et al. (2001) suggests that organizations can plan to improvise and routinize processes to stimulate improvisation, without the actual content of the improvisation being planned in advance. This is related to what Baskerville (2006) refers to as artful planning. Degrees of planning for improvisation encompasses two aspects: clearly articulated goals (Crossan et al., 1996; Orlikowski, 1996; Barrett, 1998) , and milestones and action deadlines (Cunha et al., 1999) . Clearly articulated goals can provide a sense of direction and shared vision, often operating via culture or ideology (Weick, 1993b; Mintzberg, 1995) , and serve as a 'magnetic field' which, without prescribing individual action, is strongly normative in shaping such action (Cunha et al., 1999) . Short-term milestones and deadlines build a sense of momentum and urgency (e.g. Hutchins, 1991; Crossan, 1998; Mirvis, 1998) and sustain a 'state of flow' (Hatch, 1999) . They provide opportunities to keep track of the variations between dispersed innovative actions and priorities within the collective goal. In other words, even though day-to-day practices may be unplanned, ad hoc and drifting (Ciborra et al., 2000) , minimal strategic planning and management can ensure that this is oriented towards the goal.
Structured chaos
Organizational improvisation might be seen as a form of 'organized anarchy' characterized by problematic preferences, unclear technology and fractured participation (Cohen et al., 1972; Hutchins, 1991) . Cunha et al. (1999) suggest 'minimal structure' to express the controls desired to achieve improvisations that progress (Orlikowski, 1996; Crossan, 1998; Weick, 1998) . Minimal structure refers to a shared sense of rules, norms and identity among members of a community of practice (Brown & Duguid, 1991) , and which can be drawn upon by members to mediate their knowing-in-practice (Orlikowski, 2000) , yet allow them to depart from canonical practices and initiate changes. A collateral structure provides non-intrusive support to learning communities allowing space for fluid and interpretative practices to take place across boundaries of groups (Cunha et al., 1999) .
Minimal and collateral structures allow the cultivation of an experimental culture (Cunha et al., 1999) or pro-innovation culture (Mirvis, 1998; Weick, 1998; Miner et al., 2001) , which nurture individuality through features such as tolerance to error (Barrett, 1998; Crossan, 1998; Hatch, 1999) . Weick proposes an 'aesthetic of imperfection' as an important condition for improvisation, based on an 'estimate of the degree of organization and form that could have been extracted retrospectively from the materials at hand, given that they were generated by a fallible human being acting publicly under time pressure, with fallible tools ' (1999) . Lanzara (1999) similarly talks of fractures, discontinuities, inconsistencies, deviations from current routines and puzzling or random behaviours in innovative processes. Yet, imperfection and murkiness can embody evolutionary opportunities for novel practices and forms, and lead to further productive combinations and transformations.
Paradoxes of belonging
Paradoxes of belonging emerge 'because actors strive for both self-expression and collective affiliation' (Lewis, 2000) . This tension is particularly distinctive in improvisational activity, because by nature, members of an improvisational collective tend to be self-driven, intelligent and creative people, yet they also have an acute appreciation that success relies on collaborative effort. It is through trust and mutual support that they acquire confidence and strength in face of pressure and challenges. We adopt under this category Mirvis' (1998) Collective Individuality and Anxious Confidence, enriching them by linking them to organizational improvisation literature and theory.
Collective individuality
Creativity and individual skills (Barrett, 1998; Hatch, 1999; Kamoche et al., 2003) may be encouraged and supported, but individual freedom is inevitably bound by a level of group cohesion in order to achieve a collective goal, especially when task complexity is beyond the cognitive capacity of any individual (Weick & Roberts, 1993; Hutchins, 1995) . As Weick (1998) puts it, 'discussions of improvisation in groups are built on images of call and response, give and take, transitions, exchange, complementing, negotiating a shared sense of the beat, offering harmonic possibilities to someone else, preserving continuity of mood, and crossfertilization'. Facilitative leadership (Barrett, 1998; Crossan, 1998) , trust (Weick, 1993a; Crossan, 1998) and fluid communication (Orlikowski, 1996; Miner et al., 2001 ) nurture group performance. Such emotional ties do not have to stem from self-disclosed intimacy but from shared actions, 'hanging out' and a sense of membership in the collective (Barrett, 1998) .
Anxious confidence
Emotional ties also serve to provide a 'safety net' for members of a collective to cope with anxiety, or to deal with the affective element in their performance (Cunha et al., 1999) . Ciborra (2001) considers improvisation itself as a mood and contrasts it with conventional moods of the systems development context such as panic or boredom, both of which fog vision and conceal possibilities for action. Mirvis (1998) suggests 'anxious confidence' as the means to live with the ambiguity, complexity, and challenges of working in an improvisational collective. Similarly, LaPorte (1996) (cited by Weick et al., 1999) speaks of 'prideful wariness' when discussing air traffic controllers. While Mirvis focuses mostly on individual capability and confidence, confidence is not only experienced through individual knowledge and skills (Hutchins, 1991; Orlikowski, 1996; Moorman & Miner, 1998) but also in aspects of organizational cultures, such as a history of innovation and 'aesthetics of imperfection' (Weick, 1999) , which can be drawn upon as 'learned ways of thinking and behaving' (Moorman & Miner, 1998) .
Paradoxes and enacted emergence
The improvisation paradoxes explored above embody a sense of tensions found in an agile performance, particularly in a distributed context. To capture the dynamic duality, we adopt two of Poole and Van de Ven's (1989) four modes of working with paradoxes -to first accept the paradox and use them constructively, and then introduce a new term or concept to resolve the paradox. In this spirit, we propose the term 'enacted emergence' to portray a paradoxical and agile performance that is both constructive and emergent.
Indeed, it is often pointed out that information systems development is an emergent sociotechnical activity (Baskerville and Pries-Heje, 2004; Orlikowski, 1996; Truex & Baskerville, 1998; Chae & Poole, 2005) . The improvisation paradoxes developed here juxtapose and reveal the seemingly opposite elements of such improvisation, and can reveal the tension between environment and history, spontaneity and reflexivity, unfolding and planning, practices and structure, individual and collective, and anxiety and confidence. These elements are bound together in a constant mutual constitution. Enacting elements on one side of Table 1 give rise to elements on the other side, for example, high-level planning, direction and minimal structure provides the support, freedom and safety net for people to explore through trial-anderror, improvise and innovate. Seen the other way, seemingly disorderly and chaotic day-today practices can produce order, direction and meaning through retrospective sensemaking. Individuals encouraged to embrace their individuality and thinking free cultivate a culture of democratic meritocracy, while a high level of creativity and competence, as well as common goals can inspire trust, commitment and voluntarism.
Collective agility is then a phenomenon of enacted emergence in the sense that, while rooted in creative human agency, i.e. the improvisational practices (including the dimensions of planning, organizing and structuring) of knowledgeable and reflective social actors (individuals and teams), agility is an attribute of the distributed collective that emerges from the paradoxes and exists as a combination of intended and unintended consequences of these activity. In the following sections, we examine in detail how the particle physics community enact these improvisation paradoxes and sustain a level of collective agility.
R E S E A R C H M E T H O D O L O G Y
The Large Hadron Collider Computing Grid (LCG) provides a distinctive case of distributed systems development (Venters & Cornford, 2006) . This work focuses on the UK's component of the project -the UK Participle Physics Grid (GridPP). Core data collection took place from 2006 to 2008 and included participant observations of weekly meetings, various UK and international GridPP workshops and meetings and relevant conferences. We had full access to the GridPP main documentation, and subscribed to its main mailing lists.
Forty eight semi-structured qualitative interviews of between one and one and a half hour were undertaken at universities across the UK and at CERN (European Organisation for Nuclear Research) in Geneva. Table 2 provides details of the research activities undertaken while Table 3 shows a summary of the principal interviewees. Sampling was based on functional groups of GridPP, starting from the Project Management Board (PMB) for an overview, then proceeding to representatives from the three main activity areas: applications, middleware and infrastructure. Another group of interviewees were users from the LHC experiments, many of whom were involved in some development activities. We interviewed managers and technical experts of the LCG at CERN to contextualize our observations. This showed that the practices of GridPP were not unique to the UK but have roots in an international particle physicist culture. When necessary, interviewees were revisited. Interviews were audio-recorded, transcribed and coded for analysis using the Atlas.Ti software (Scientific Software Development GmbH, Berlin, Germany), though not rigidly so as to avoid being restricted by the software. Data analysis was closely integrated with theoretical development in an iterative process, one feeding into the other.
We identify three stages of data analysis. The first was open coding of the data, labelling aspects of the project, practices, and emerging ideas (Table 4 shows an example). This exercise, combined with the embedded understanding acquired by the researchers from secondary material and during participant observation, provided an appreciation of the com- plexity of the project and gave a sense of the tensions inherent in such work. For example, experimental physicists were not always keen to follow procedures. Similarly, while there might seem to be prevalent adhocracy and frequent fire-fighting, the project was unified in their confidence that the system would work. With these broad ideas in mind, our theoretical exploration led us to the literature of organizational improvisation, which has a strong resonance with the data, and already entails a paradoxical dimension (Weick, 1998) . This process gives rise to a draft analytical framework of improvisation paradoxes.
In the second round of data analysis, we used the conceptual constructs of the improvisation paradoxes as categories to set up and iteratively refine code families in a way similar to axial coding in grounded theory (Corbin & Strauss, 2008) . These codes were presented in a network view, and relationships between the codes were identified. But relationships were not understood as indicating causality. These 'networks' were verified and modified against further observations and interviews. This was an iterative process until the key conceptual constructs were sufficiently refined and saturated. We verified our findings with a survey, not reported here, which largely confirmed the themes. In summary, the analysis reported here is the result of iterative reflections and ongoing discussions within the research team and with GridPP members, rather than a narrow machine-derived account -our own engagement with organizational improvisation and sensemaking. While all the quotes given here are taken from interview transcripts, the ideas have also been significantly reinforced by informal conversations and participant observations. This is not to say that the GridPP community is unified in their opinions. Tensions, conflicts and different views are inevitable in any undertaking of this scale. Nevertheless, the research attempts to capture the distinctive features of GridPP, and this account has been broadly supported by three GridPP PMB members who were presented with the key findings of this paper.
T H E P A R T I C L E P H Y S I C S G R I D
In April 2010, the Large Hadron Collider (LHC) particle accelerator at CERN, the European Laboratory for Particle Physics, started again after a problematic public launch in 2009. The LHC collides hadron particles at energies close to those of the Big Bang in a search for the elusive 'Higgs-Boson' particle believed to be responsible for matter having mass. These collisions will produce data for the four LHC experiments. Since the Higgs-Boson is conjectured to be extremely difficult to find, likened to searching for a 'needle in 20 million haystacks', the number of collisions and the subsequent data produced, is vast. The LHC envisages producing 15 million gigabytes of data a year -equivalent to a digital videodisc every 15 seconds or 1% of 2006 global information production (Lee, Banerjee et al., 2006) . To store and analyse this data, the LHC requires the equivalent of 100 000 personal computers spread across the globe and working as a Grid (Britton et al., 2004) .
A grid from a technical perspective is a computing platform for coordinated resource sharing and problem solving suitable in data-intensive and computer-intensive applications (Foster et al., 2001) . A grid connects and coordinates diverse distributed and heterogeneous computing resources, presenting itself to users as though it was a single resource.
The GridPP project started in 2001 and has two main activities: developing software to allow users to submit computing jobs to the LCG, and developing and operating the UK's component of LCG. GridPP is involved in developing applications and middleware (the grid's 'operating system') as well as providing technical infrastructure including storage and processing units. As shown in Figure 1 , the LCG has a hierarchically tiered structure, with Tier 0 at CERN; Tier 1s consisting of the national IT centres in each of the major countries involved in the project; and Tier 2s being the regional centres in each country. GridPP consists of the Rutherford Appleton Laboratory as the Tier 1 centre, and four Tier 2 centres, each coordinating a number of institutes in their region.
GridPP is managed, as with the wider LCG, by what one interviewee described as a 'democratic meritocracy'. Figure 2 shows GridPP's management structure which is best described as a network than any sort of hierarchy. The PMB is the heart of the network coordinating the project. It provides quarterly reports to the collaboration board which consists of representatives from the 19 institutes. The participating institutes enter the collaboration not under any legal obligation, but bound by a memorandum of understanding which specifies the amount of resources and the level of service that each site is expected to provide, and the funding and support they will receive from GridPP in return. This document serves as a 'gentlemen's agreement' and there are no formal lines of authority between GridPP and the member institutes other than this collaborative relationship. Decisions are made on a democratic or consensual basis and implemented by influence and persuasion. Developing LCG has been seen from the start as a highly distributed, complex and poorly defined systems development challenge. Cutting edge hardware and software is used, new software standards have to be negotiated, and middleware along with a wide range of supporting software, developed in a range of countries and programming languages. LCG is developed with close involvement of members of the user community who exerts strong influence and pressure for the completion of a working system, which has to be achieved with limited time and resources.
The system development practices used within GridPP broadly coincide with the general principles of agile methods; 'individuals and interactions over processes and tools; working software over comprehensive documentation; customer collaboration over contract negotiation; and responding to change over following a plan' (Fowler & Highsmith, 2001) . A technical expert with experience of GridPP described it as a 'bottom-up approach'.
The systems development practices observed in this case are similar to those described by Baskerville and Pries-Heje (2004) as 'short cycle time systems development'. Table 5 compares similarities and differences between the practices observed in the two studies. The final column of the table indicates underlying organizational implications related to the identified practices. Beyond these similarities with other agile or short-cycle development projects, some challenges and characteristics of LCG and GridPP are distinctive, in particular, the scale of the system and the distributed nature of its own environment raises demands for scalability and interoperability. For example, LCG draws on several regional grids in Europe, North America and Scandinavia each using different middleware stacks. Within the European project, the middleware is modularized and its components developed in a variety of programming languages. Middleware releases are tested in small-scale pre-production systems but they tend to be problematic when implemented across the whole system. The Grid therefore evolves as advanced users actively engage in using, testing and reporting problems. System development cycles are not only simultaneous or overlapping activities of development, testing and use, but also include complete parallel solutions which compete with each other. Finally, there are tensions around whether the Grid should be generic enough for other communities of users (which it is in part funded to be), or whether it should be tailored to particle physics (the main users and developers); and tensions between the powers of system administrators of local sites, who might wish to prioritize the needs of their local institute and the requirements of the LHC experiments.
E N A C T I N G P A R A D O X E S
The enactment perspective proposed by Weick (2001) suggests that organizations 'construct' their environment before they 'respond' to it or try to control it, and this can be understood as a process of interacting and sensemaking. Enactment embodies this sense of action and of creation. In this case, the particle physicists 'reconstruct' the task of building a new distributed Federated structure technology as one that they are largely familiar with -a distributed experimental collaboration -and it is seen as just another task that they have to complete in order to achieve the shared goal -doing new physics. As introduced above, we frame the systems development activity in GridPP as an organizational improvisation that is animated by various tensions. We present our analysis, drawing on improvisation paradoxes but in a slightly different sequence to Lewis. In this case, we see the nature of the grid development as being fundamentally driven by a sense of belonging and start with this concept. We then move to paradoxes of organizing and conclude with learning.
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Belonging to GridPP
There is a sense of a strong community bond among GridPP members, which we express in the concept of collective individuality (Tables 1 & 6 ). Most members of GridPP are particle physicists or have a physics background. One consequence is that members are motivated by both a shared history and a shared goal. This goal is not to build a grid, but to discover new physics. They work for the same vision despite strong competition between similar experiments. As commented by one interviewee I said I was proud of being a particle physicist, this is because particle physicists always get the job done; by and large because they are driven by one fundamental thing. They want their experiment to work when the beam gets into the accelerator, okay? And that transcends everything else they do.
Coupled with the shared goal is a high level of trust as shown very clearly from the interviews:
Everyone trusts each other to be doing the best they can . . . That fundamental trust drives our particle physics group. You have to trust that people will step up . . . and do the dirty work as well as doing the glamorous work.
Particle physicists have been encultured above all to respect intellectual capacity (Traweek, 1988) . With a high level of trust, people generally enjoy a high level of autonomy at work, usually without clear instructions or strict supervision. Individuals will try to solve a problem, develop software, write a document, not because their line manager told them to, but because they felt that it was something useful to do. Individuals are driven by individual motivationsbut they also desire that their contribution be recognized as valuable. Key technologies in particle physics have emerged in this manner -with the main analysis system for storing particle physics events (called 'Root') began with one developer trying to solve a problem in a new way without institutional support, similar to their development of the Web. As one senior CERN employee who shared an office with Tim Berners-Lee recounted:
Tim had the freedom from this hierarchy, to spend a bit of time investigating something which was of interest to him and nobody else here said -'oh it's a waste of time, never mind'. He was working on remote procedure calls, and out of it popped the web.
With members based in disparate institutes, it is important to develop social and emotional bonds among individual members. The deployment team provides a good example.
We have to work very well together as a team, in order for GridPP to be successful. And . . . it's quite a complicated structure -there are multiple channels of communication, some of which are duplicated some of which are contradictory, and there are all sorts of ways in which information flows. And anything that you can do to oil the cogs of the machine is going to help. . . . And I think for us to socialise together is a very important thing.
'Going to the pub' when and wherever they meet is one aspect of this since it 'fosters a bond' between people and allows them to discuss their frustrations caused by the size and complexity of the project. During such social occasions, work is invariably discussed, people 'let off steam' and negotiations are made. These social meetings are sporadic and between them the constant communication through video conferencing, email, messaging lists, blogs and instant messaging continue. Relationships develop between parties who have never met. Many attend the regular videoconference meetings simply to get a feel for the 'mood' and a sense of connection -often having the meeting running on their computer while undertaking other tasks.
Communication supports a mood of anxious confidence (Tables 1 & 6) , that mediates the pressure of the LHC switch-on and of showing the UK in a good light among the worldwide particle physics community. Along the way, GridPP has to face many unplanned-for occurrences and environmental turbulence in funding, human resources, external and internal technological changes, hardware and software configurations, technical requirements from the experiments, computer market conditions and other institutional and political factors. Indeed, the project is 'committed to something that it is not quite funded' (PMB member) and in March 2007 were allocated only 70% of the anticipated funding for Phase 3 (2007 to 2011), which resulted in support posts being cut. Nevertheless, the collaboration remains committed, engaged and always 'just about' on top of things. They may appear to be constantly fire fighting, discovering problems, managing crises and negotiating solutions. But almost everybody in the collaboration who we interviewed held a firm belief that the Grid will work; maybe not perfectly, but it will work. A significant source of their confidence thus resides in a belief in the individual skill, competence and pragmatic creativity of physicists, as well as high-energy physics' formative context of collaboration. While GridPP employs people from other fields, the majority come from this 'elite science' (Traweek, 1988) which is highly competitive to enter. When asked about the likely success of LCG, a technical coordinator boils it down to cleverness:
. . . because we are very clever people, we have a very clear and determined goal, we will make it work'.
Another source of confidence resides in the community's long history of success in computing. CERN for example accepted the problems of working with pre-production supercomputers from the days of the CDC 6600 through to the CRAY X-MP (Jones, 2004) . Later they pioneered work on the Web (Berners- Lee & Fischetti, 1997) , shifted early to use Open-source (Linux) server-farms, all driven by the need to do physics. Grid computing, it seems, is just another minor computing waypoint on the route to the truth about the universe. Equally importantly, the particle physics community enjoys an organizational culture which appreciates 'the aesthetic of imperfection' (Weick, 1999) and accepts failed attempts as part of a bigger process, fostering the confidence of individual innovators.
Organizing GridPP
Planned agility (Tables 1 & 7) refers to planning to improvise and preparing for change. In GridPP, it is recognized that ad hoc practices have to be supported by some financial planning, risk management, project milestones and resource allocation mechanisms. For this reason, extensive Gantt charts and schedules are produced, often in a preparation for research funding council reviews, but also serving as a minimal structure for the project. While a project manager was only appointed on the insistence of an IT industry representative sitting on the oversight committee, and the PMB finally settled on appointing a particle physicist (and 'friend' of GridPP) to the post, this role is now accepted as crucial to keeping the project on track. This is not however to say that the PM role focuses on traditional project management. Considering GridPP as in its essence 'experimental' and undertaking 'green-field research', the PMB focuses on supporting and justifying change as at the core of their minimal planning process.
We wanted to establish the fact that we had the right to change our deliverables. So we set up this project map and we set up the formality of change forms. So this was to formalise our freedom to change the project . . . yes, we had a set of milestones but you know, we had a mechanism to change them because we have to be responsive.
Although schedules are constantly in flux, the project seeks never to lose sight of where they are and where they are heading.
. . . people are looking at the overall targets of where people are trying to get to, rather than monitoring people on a daily or weekly basis. So we're looking for overall trends more than very small time-based ones.
The project maps and schedules, change forms and quarterly reports are tools designed to achieve various paradoxical goals; to display rationalized order, to acquire legitimacy, to cope with changes and to support or legitimize spontaneity. They also provide impetus to carry the project forward, even if the plan is tentative and has to be made real through day-to-day sensemaking and actions. This proactive mode of management is combined with a reactive mode of daily troubleshooting:
We do everything we can in terms of advanced planning, so we have a staggered programme of sites in migrating, things like this. But ultimately what dominates is when we have done something that has gone wrong, or something has broken, or something doesn't work in experiments, or something like this, and we have to try and solve that.
In other words, there is a plan to improvise, routinize processes to stimulate improvisation and observation of their own improvisational activities (Miner et al., 2001) . As one of the technical coordinators described, with an extended metaphor, You need your head in the clouds to see the big picture, but you very much need your feet on the ground because you have to put one foot in front of the other, and day to day we keep putting one foot in front of the other. . . . (Tables 1 & 7) means providing a minimal structure to support improvisation. GridPP is a collaboration of institutes who work together under a memorandum of understanding. Management in GridPP does not rely on vertical lines of command, and while there is an extensive structure of management boards, committees and technical groups, they serve more There's no strict hierarchy [. . .] the group leader doesn't get to say what to do. . . . We recognise it's the younger people that are much smarter and they're going to be making the papers . . . So it's kind of a federation, club . . . of smart academics who all want to do it and everyone trusts each other to be doing the best they can for the experiment. And that fundamental trust drives our particle physics group.
Structured chaos
Different solutions often compete with each other within the collaboration for a while until one of them wins by forming more alliances or others die in a natural course, e.g. due to technical failures, low uptake, lack of funding or other circumstances. The technical systems then emerge from 'contests of unfolding' (Knorr-Cetina, 1999):
The cream comes to the top. Things that work win out and that's how we worked it. (. . .) Nobody knew what the right approach was so you try several approaches and some win, some lose.
The 'natural selection' of technical solutions, as described by members of GridPP, allows elements of the Grid to emerge from dispersed and localized practices without an arbitrary or centrally imposed decision-making process. Although the middleware is developed by a European Grid development project (EGEE) centrally coordinated at CERN, it is modularized and each of the components is prototyped, released, deployed, tested and improved in an evolutionary manner. Beyond this core software there are often parallel technical solutions found in the project, such as some components of the middleware, or other software packages developed locally to help deploy, monitor or manage aspects of the Grid. The Grid environment thus consists of a mixture of 'ecosystems', in which multiple technical solutions coexist and even compete. Political influence and vested interests are reflected in such competition, but do not dictate outcomes. This is not to say that politics does not exist, but it is dispersed and mediated, and the influence of powerful actors is often dissipated, or contingent on sound technical judgment. As an interviewee commented Nobody, no matter, even if they were the most politically powerful person in EGEE, can force a broken piece of software to be deployed, because they will lose their political influence if they do that.
Learning to perform
Learned improvisation (Tables 1 & 8) refers to drawing upon past experience to cope with uncertainties and complexity of the present. The need to improvise in LCG stems from the innovative and exploratory nature of the task: the process has to be trial-and-error since nobody knows what exactly the end product will look like or what issues will emerge along the way.
Moreover, the complexity, scale and distribution of the project means no one person can have a clear idea of the whole system (Hutchins, 1991) ; requirements cannot be pre-specified in detail; architectures are conjectures, and even the one centrally designed piece of technology, the middleware, has to be modularized and released gradually rather than in a big-bang manner.
Reliance on externally produced hardware and software also creates challenges by exposing external technological perturbations. Relying on the EGEE to provide the middleware, GridPP face an ongoing process of learning and adapting to immature software, and making it work at each individual site. For example, an undocumented change in the firmware of a set of hard disks included an error that had significant repercussions for GridPP as they struggled to isolate this irregular error among terabytes of distributed storage. Similarly, the release of a new version of the Scientific Linux operating system (on which LCG runs) created demands from some computer centres to upgrade GridPP to this new version particularly where computing resources were shared with other disciplines. Yet EGEE's software only ran on an even earlier version. Further issues occurred when some centres purchased 64-bit rather than 32-bit systems, requiring two different distributions of the software.
The response to this of those involved is not to control, predict or formalize, but rather to respond pragmatically and creatively at the time, drawing on the down-to-earth and creative approaches embedded in particle physics tradition (Lewis, 2000) . As Dahlbom & Mathiassen (1993) describe, developers 'have to interact with the environment, accept the openness of the problem and the system to be developed, take into account the preferences and beliefs of problem owners and users, deal with the economical and political climate of the project and keep in step with the changes in the kind of technologies on which the project is dependent'. Developers should be 'scientific investigators' rather than 'economic agents' (ibid.). Indeed, particle physicists clearly bring their identity as 'scientific investigators' into computing.
I think the people who come from a physics background are ultimately more pragmatic in computing. They see the computing as a tool to get a job done. And if it requires you to wrap sellotape around it to get it to work, then they will wrap sellotape around it . . . the physicists are happier with an ad hoc solution just to get the job done and push them through. One of the resources that GridPP draws upon is their identity as physicists, and as noted the collaboration is designed as a physics experiment. The tradition of large-scale globally distributed collaborations (the ATLAS experiment, one of four at the LHC, has over 2000 members) and working on a distributed basis is well established and provides a solid basis for improvisation in the Grid development project. Such collaborations include students, technicians, engineers and physicists. Yet they have learnt at project management level how to organize collaborations to be pragmatic and drive towards solutions. In other words, the ability to improvise is the result of years of experience and learning. Such improvisation itself constitutes a further process of exploration and reflection which feeds into the organizational capability to improvise.
Reflexive spontaneity (Tables 1 & 8 Knorr-Cetina (1999) refers to as 'a fine grid of discourse', channelling individual knowledge into the collaboration and providing it with a sort of 'distributed cognition'. This web of communication includes a complex structure of boards, committees, and working groups which regularly hold meetings including online virtual meeting. For example, the PMB meeting takes place online every Monday where they discuss the status of the project and make action plans. The deployment team meets online on Tuesdays where they discuss technical issues. There are many other meetings taking place virtually or faceto-face during the week. Wikis, web pages and blogs are consultation points during the meetings. More importantly, members of GridPP subscribe to various mailing lists that carry constant exchanges of up-to-date information on problems and emerging solutions.
Such extensive communications embody both mutual monitoring and proactive sensemaking. It lies within the monitoring, accounting and making sense of the behaviour and performance of the system. Targets of service levels and regular data transfer exercises test the reliability and robustness of the systems hardware and software. Much GridPP discussions in meetings revolve around the results of such tests and monitoring statistics. Interpreting the statistics is not straightforward or free of controversy. One often hears remarks like 'we have to understand what is causing this phenomenon' or 'find out what is behind the data'. In other words, retrospective sensemaking is an inherent and natural component in their process of system development. There is a 'humming' of the collaboration, talking 'with itself, about itself' (Knorr-Cetina, 1999) , which maintains a constant collective reflexivity, as 'the monitored character of the ongoing flow of social life' (Giddens, 1984) .
D I S C U S S I O N S A N D I M P L I C A T I O N S
We examine above the characteristics of the collaborative performance of GridPP that enable them to achieve distributed and scaled agility. Improvisation paradoxes have been used to make sense of the way that the Grid is developed. In this section, we reflect on the case material, draw implications for the wider discourse of agile systems development and provide some suggestions for those engaged in other distributed systems developments.
With multiple objectives and system development rationales in the community, the construction of Grid technology is a constant engagement and negotiation between a structured process and amethodical practices (Truex et al., 2000) . Long-term goals, shared aims, preset deliverables, regular monitoring and proactive political legitimization are entangled with an 'unfolding ontology' (Knorr-Cetina, 1999) , elements of which include: pragmatic outlook, fragmented and ad hoc practices, bricolage and improvised solutions, post hoc rationalization, as well as contested interests, internal competitions and democratic decision-making -'a dialectic of resistance and accommodation' (Benson, 1977; Pickering, 1995) .
The particle physicists, while not strictly following any pre-defined agile methods are aware of the challenges they face and have made deliberate and substantial effort to achieve a suitable development process. In other words, the agility seen here is not just an unintended consequence of loose coupling, a culture of improvisation and bricolage, intelligence, trust and pragmatism. Rather, it is a performance by knowledgeable actors who draw upon and enact certain properties of the distributed collaboration, such as minimal structure, flexible planning, extensive communication and social bonding, all serving to generate coherence, facilitate mutual understanding, promote sensemaking and to coordinate distributed work. The agency and knowledgeability of members of the project are central in this process. While no one serves as the mastermind of the project, the interaction and coordination among them give rise to a 'collective mindfulness' (Carlo et al., 2004) with 'a rich awareness of discriminatory detail and a capacity for action' . It takes real effort to maintain this collective mindfulness, without which distributed agility would not be possible or sustainable. Therefore, while agility can be described as an emergent property of the distributed collaboration, such emergence is very much enacted, involving degrees of deliberation and reflection, and instantiated in day-to-day practices.
What implications should we draw from our analysis of this case of 'collective agility'? What is presented may not be an ideal form of distributed agile systems development -after all, it is not in a commercial environment or facing immediate safety critical concerns such as in health care or air traffic control. Yet there is a lot we can learn. From the perspective of organizational performance, collective agility is about accepting what is unpredictable and uncontrollable, while actively enacting those organizational dimensions that generate capabilities to perform under such circumstances. Table 9 presents examples of organizational practices from the case that could be useful to practitioners who share the interest in what it takes to 'be agile'. In the sections below, we explore further by asking the questions of when, what, who, where and how is such case-specific collective agility performed. Our implications should be taken in the round -we see each as part of a cumulative recommendation for those engaged in similar practices rather than an isolated concept.
When is collective agility performed?
Agility is indicated when faced with environmental turbulences, uncertainties and an innovative or exploratory task, as is the case with GridPP. Yet organizational improvisations come with risks, and for example, may not be the most efficient or effective way to tackle certain problems, despite being preferred by a community drawing on their past success. The particle physics community's tradition of experimental scientific investigation and pragmatic problem solving means an agile approach is 'natural' rather than contrived, yet this may also means it is 'assumed' rather than 'considered'. Over-reliance on improvisation can also lead to an amplification of unexpected events and crises, self-generating a negative spiral of uncertainties and complexities (Cunha et al., 1999) . Communities engaging in large scale and distributed systems development are thus faced with the challenge of getting the appropriate mixture of improvisation and structure. As expressed by the concept of learned improvisation, we argue agility can (to degrees) be learnt. Communities accustomed to more formal management approaches are not incapable of achieving agile performance. On the contrary, our research suggests, organizations with established routines and strong cultures to draw upon might be better equipped to improvise than those without. But this needs cultivation of the space and motivation to diverge from or reinterpret established routines. Collective agility is performed when some 'tools are dropped' (Weick, 1993a) , and surprise, risk and wonder are accepted in the community.
What is (the spirit of) collective agility?
We argue here that collective agility is supported by a sustained mood of anxious confidence. Anxiety stems from the nature of innovative tasks, and in the sense of urgency, pressure and demand for speed in problem solving. A successful innovative community needs a countervailing level of confidence which can stem from strong individual skills and experience under demanding conditions, as well as a history of technical success as well as appropriate social settings. This confidence can arise in part from an appreciation for the 'aesthetics of imperfection'. An atmosphere of experimentation, trust, shared goal and emotional bonds provides individuals and groups with confidence to make mistakes, in the knowledge that failures are legitimate and can contribute to the cause of the community.
Who undertakes collective agility?
The competence of the people, the level of determination and motivation and how well the group gets on were identified by GridPP members as the most positive aspects of the project. Performing collective agility poses a high demand on individual skills and mental attitudes. Like most professional domains, recruits are expected to be self-motivated, good communicators and able to work in a collaborative environment. Distinctively though, GridPP prefers people who are familiar with the institutional culture of the particle physics community, and who are thus motivated to step up and do the dirty work when necessary without explicit instruction or reward. The level of commitment, devotion and voluntarism appear higher than one might observe in some commercial contexts. While individuals certainly have personal career interests at stake, many express a sense of pride in working for a higher cause, perhaps explaining their willingness to undertake unpopular tasks when needed.
Where does collective agility happen?
The literature suggests that both improvisation and agility are more easily performed in small groups, such as a jazz ensemble or small development teams. Our case shows agility is possible in a large and distributed group, when the 'ambience' is right, although achieving this is itself a major challenge (see also Ramesh et al., 2006) . Community bonds can alleviate many difficulties but require effort to maintain. Even though GridPP members are accustomed to virtual meetings and a large number of emails, they still emphasize the importance of face-to-face communication and travel extensively to meet up. Being reliant on delivery from many remote partners without the authority over them is often a source of frustration, thus the ability to exert gentle pressure, to persuade and to negotiate are important elements in coordinating a collective performance. Meanwhile, barriers of communication or an overload of information can also create inefficiencies in a non-hierarchical community.
How is collective agility performed?
As has been repeated throughout the paper, agility requires a mental attitude to, in the words of one interviewee, 'let go of control', yet this does not mean anarchy. High-level planning and a minimal structure are required. For GridPP, this consists of alignment with goals of doing new physics, a clear orientation towards the LHC objectives, a shared culture among participants and a carefully crafted minimal structure of project management, and communication channels to allow local 'clusters of expertise' to interact. Improvisation at the local level is complimented by structuring at the distributed level to maintain cohesiveness across the project and to create a sense of community among the independent-thinking actors. Finally organizational improvisation comes with risks. The lack of formal planning and reflexivity may mean that exploitation of novel ideas and knowledge is limited despite a great deal of exploration, thus creating 'opportunity traps'.
C O N C L U S I O N S
This paper considers agile system development practice from the perspective of organizational performance, reflecting an understanding that systems development processes and activities cannot be discussed in a vacuum but must be considered in terms of how, in given contexts, they become embodied within a set of roles, attitudes and working practices adopted by people -as a performance. From this case study, we observe that the LHC-Grid unfolds in a constant negotiation and mediation between design and bricolage ('working things out'), between planning and improvisation, and between enough success and tolerable and instructive failure. Drawing on previous work on paradox, we use a set of improvisation paradoxes as a framework to examine system development practices within this distributed development context. This framework, and the attention to collective performance, enables us to elaborate and explore elements often pushed to the background in discussions of system development, such as environmental conditions, individual skills, professional cultures, organizational structures, communication patterns and interpersonal relationships. The case study demonstrates in this community of science known to be most rationalistic and analytical, systems development is actually more like an 'art' -visionary, experiential, passionate, agile and emergent.
This study has limitations and thus suggests some future research directions. First the context of GridPP is clearly distinctive. Experimental physics offers an environment that in many ways embraces an agile approach. Studies in other contexts that explore similar themes would be useful, for example in the various projects around the world that are developing national health care information infrastructures (Coiera, 2009 ), or those developing systems for the cloud (Buyya et al., 2009) . This work might also suggest some comparison with the ways in which the internet and its core systems and services have developed using a 'community centric' development model, as well as some aspects of the open source model (Tuomi, 2002; 2005) . While the context and outcomes in such domains are rather different, the performative analysis seems to have strong resonance. We also acknowledge that the period of this study was one of development and testing rather than of operations and the phase change may have significant consequence on the approach to system development. Indeed, towards the end of the study reported here, there were signs that could indicate a greater emphasis on a more structured approach within the LCG.
Despite the limitations discussed above, the contributions from this research are, we believe, significant.
First we provide a conceptualization of agility (collective agility) that differs substantially from the more common concerns with agile methods and behaviour, or with an organization's agile potential or capabilities. In contrast, we adopt a performative ontology and develop an understanding of agility through the concept of enacted emergence. Agility for us is an expression of what people do or achieve, rather than what they might do or capabilities they hold. We argue that collective agility, as an organizational performance, emerges from collective enactment of certain qualities and processes in the distributed community.
Second, we derive six improvisation paradoxes from the literature and use them to give a stronger conceptualization to the work of GridPP members as they negotiate the contradictory pressures for order and innovation. These paradoxes are used to underline the dynamics of the agile performance; as an expression of, and (to a degree) the resolution of, fundamental tensions. It is the mutual constitution of elements in tension that allow agility to emerge.
Third, we offer a contribution to practice by drawing implications from the case, presented as the when, what, who, where and how of collective agility, and covering both useful practices identified and risks to be aware of. These recommendations highlight the means by which collective agility might be achieved and maintained, and offer insights for other domains attempting to construct large-scaled distributed infrastructure in an agile fashion. For example, Ramesh et al. (2006) assert that distributed agility faces the challenge of communication, lack of control and lack of trust. Our study suggests that these may not be causes but symptoms of a broader failing to understand the nature of agility within such a context. Thus to managers who want to achieve some of the attributes of a collective agile performance, we suggest that communication, control and trust cannot be isolated from more complex and comprehensive efforts to support and cultivate an innovative culture within the distributed community, and require reflection on questions of balance among the various paradoxical tensions embedded.
Finally the 'enacted emergence' of collective agility highlights the need for ongoing performances -agility is not a 'per-project' or even less, 'per-phase' activity and cannot be achieved by a top-down 'change programme'. Rather it is a performance that is reflective of multiple collective organizational practices. Hence, achieving it must be a long-term aspiration requiring attention and adjustments over time, and like other institutional practices, collective agility may be fragile and easily broken. For LCG it might be that the future would be different, and that contractual relationships and a reliance on technical and managerial rationality would prevail once the LHC data begins to flow in bulk. What is clear is that many domains where large-scale distributed systems are under development can learn from this case and the paradoxical nature of collective agility. 
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